INTRODUCTION
The impressive development that the coordination chemistry of transition metals experienced in the last 25 years has led to a dramatic change in conceptions of chemical bond. The new field of t.ransition metal chemistry now hfecomes one of the most important and exci.t:Jiig areas of chemical research. It acquires a more and more significant role in several fields e.g. catalysis, biochemistry and protection of environment, investigations connected with semiconductors or new sources of energy etc. Among the rapidly increasing chemical, physical and biological investigations the number of molecular structure studies is also growing year by year. The investigation of coordination compounds has focused fundamentally on the chemical bond between the metal and its environment that is the ligand.
Vibrational (infrared and Raman) spectroscopy has played and is playing a very important role, as it is one of the most efficient methods of molecular structure studies with the help of which direct information can be obtained about the nature of metal-ligand bonds in many cases.
For studying the metal-ligand vibrations far-infrared and Raman spectroscopic equipment is required. In the last 10-15 years there has been a considerable development especially in the FT-IR measurement techniqe; this and also the very recent appearance of FT-Rarnan spectroscopy offer better and better instrumental background for structural studies of coordination compounds.
A great number of papers have been published annually on the subject of IR and Raman spectroscopy of coordination compounds. A comprehensive treatment of the vibrational spectra of coordination compounds to give a complete general survey of the reported literature is practically impossible in the frame of a short paper. Therefore the present paper is dealing with some selected IR, FIR and Raman spectra of transition metal-ethylene complexes, studied recently in our laboratory. Most of the recently used vibrational assignment (refs. 3 -4 ) were based on relatively early experimental studies (refs.2, 6-7) and the only publication of Hiraishi (ref. 2) dealing with polarization studies of the Raman spectra 973 in solution. There have been conflicting reports concerning the vibrational assignments of the spectra of Zeise's salt, largely due to the complexity of the spectra.
A recent inelastic neutron scattering study by Jobic (ref.8) 
EXPERIMENTAL
The infrared spectra were recorded using a DIGILAB FTS-20C FT-IR system. Far-infrared measurements were performed using a Nicolet 7999A and a DIGILAB FTS-14C systems. The Raman spectra were recorded with a Jobin-Yvon Ramanor HG-25 holographic grating double monochromator spectrometer using the excitation from Carl Zeiss (DDR) He-Ne, argon-and kripton-ion lasers. The preparation of Zeise's salt analogues will be desribed elsewhere (ref.10).
REINVESTIGATION OF ZEISE'S SALT
In our earlier investigation (ref.11) of Pt(C H4)3 three polarized Raman lines at 1617, 1338 and 1226 cm stretching, CH2 scissoring and CH2 wagging vibrations, respectively. Hiraishi (ref. 2) observed only one polarized band for Zeise's anion in this region, at 1241 cm , which he assigned to CF. stretching stronglyl coupled with the scissoring motion at 1522 cm , the band at 975 cm was assigned to zi2 wagging mode. Since we were not able to record the latter band neither in 16 nor in Raman spectra, and wel observed the wagging mode for tris(ethy1ene)platinum above 1 2 0 0 cm , it appeared to be necessary to revise the vibrational assignment of Zeise's anion.
The selected fundamental bands for the IR, FIR and Raman spectra of the anhydrous (A), hydrated (B) and tetrabutylammonium (D) derivative of Zeise's salt are reported in Table 1 . It is interesting to note that a number of anion frequencies are slighthly different for these three complexes.
The Raman active CH stretching mode and the polarized band were assigned to and al species, respecfively. Two sets of frequencies, 1517, 1241, 1023 zgd 1517, 1410, 1241 cm can be assigned to the strongly coupled CC stretching, CH2 scissoring, and CH wagging modes, respectively. The second set shows better agreement with gris(ethy1ene)platinum spectrum, so this assignment is figurating in (X=C1, Br). The tetrabutylamrnonium salts are soluble in most of the organic solvents used for spectroscopy and therefore solution Raman (with polarizability measurements) and IR, FIR measurements become possible. We were able to detect most of the important low frequency fundamental vibratiyal bands of Zeise's anion and consequently the assignment of the 550-180 cm range of the vibrational spectra is relatively problemless. In the low frequency range all polarized lines were assigned to al species and the other motiol_ts can be identified by comparison with the C2D4 analogue and the [PtC13(CO)]
In spite of the fact that Zeise's salt has been studied by a great number of famous spectroscopists, there are a number of points in the assignment which need further experimental and theoretical work for achieving deeper understanding the ethylene ligand vibrations.
were reasonagly assigned to CC anion (ref.13). --312 vw 306 s 308 m,dp 316 m,dp b2 PtC12 asym.stretching 215 s 210 m 210 w,dp 214 w,dp bl PtC2 (rocking) Table  The PtCl stretching frequencies were in an average 1 1 % higher for the complex and 8% higher for the PdCl stretching bands. The good n-acceptor weak o-donor nature of CO will result in a greater positive charge on 4.
co and the metal than that for ethylene and this will increase PtCl and PdCl bond strengths. It is interesting to note that this effect is not clearly observable for bromide-platinum bonding of CO and C2H4 complexes.
A new and simple normal-coordinate treatment using rigid body approximation for n-complexes has been suggested (ref.12). The metal-ethylene skeletal force constants were calculated for ethylene complexes listed in Table 5 . The CC stretching force constants were determined by using an "effective" G matrix element, determined from the normal coordinate analysis of the forC H4 and 0.1$443 for C2D4 ligands, respectively, an6 X is theGegfienvalue of tie CC stretching frequency). As appears from our studies of ethylene complexes that metal-ligand stretching force constants for Pt is significantly larger than those for Pd. Between Pt and Pd K (MC ) decreases by 28% while the CC stretching force constant increases by 61 only. The much greater response of K,(MC2) than K(CC) implies that the change in n-bonding is only a part of the effect on MC bond. The behaviour of the CC stretching force constant demonstrates the greater degree of n-donation from the metal in the case of platinum but the much greater relative change in the M-C force constant must be the result of both, the increased 0-covalency and the increased degree of n-bonding in tile Pt-C bond. Since the bond lengths in the ethylene complex of the two metals should be very similar, the difference must largely be due to better overlapp of the 5d orbital that 4d in its contribution the o-bonding resulting in increases covalency. Very similar behaviour can be established on the basis of HI (MC2), tilting force constants.
The higher CC stretching and lower PtC2 stretching force constants for Table 5 .
Finally we would like to emphasize that the rigid body approximation model suggested by us for r-complexes is a simple but very useful one for fast understanding the vibrational properties connected with metal-ethylene motions.
